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(54) Circular film heater and porcelain enamel cooktop 



(57) A range cook top is provided with circular heat- 
ing zones having a layer of resistive thin film thereon. 
Slots in the cook top separate the heating zones from 
the surrounding areas of the cook top. Tongues of cook 
top material interrupt the slots and support the heating 
zones. The slots have beveled or stepped edges and 
beveled or stepped plastic inserts fill the slots to provide 
a smooth cook top. Sealer also fills the slots. The resis- 



tive layer in the heating zone is divided into arcuate seg- 
ments by insulating partitions. Power supply bus bars 
are disposed around the outside edge of the resistive 
layer. A common bus bar interconnects the segments at 
the inner edges. A dual heater has separately controlled 
inner and outer resistive layers. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to the field of 
heating and cooking and specifically to a resistance 
heater. 

; [0004] Electrical resistance heating films are used in 
various applications. Typically, the resistive film is 
applied on a substrate, which may provide a heating 
surface or may be the surface to be heated. A controlled 
voltage or current is applied to the film to effect the cre- 
ation of heat energy. Examples of film heaters and con- 
trollers therefor are described in U.S. Patents Nos. 
4,233,497 to Lowell, 4,384,192 to Lowell, 4,973,826 to 
Baudry, 5,160,830 to Kicherer and 5,616,266 to Cooper. 
[0005] Range cook tops for cooking food use electric 
heaters. It is desirable to provide a durable surface for 
supporting objects so that the objects can be heated 
efficiently and reliably. Heating of the surface should be 
limited to a desired area. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides a heater includ- 
ing a substrate and a slot in the substrate to define a 
heating zone. A resistive layer is applied to the substrate 
over at least part of the heating zone. Bus bars are con- 
nected to provide a voltage across the resistive layer. 
[0007] The slot is through the substrate. Tongues 
interrupt the slot and support the heating zone. The 
tongues are formed by substrate material remaining 
when the slot is formed. A thermally insulating insert is 
disposed in the slot. A sealant is disposed between the 
insert and the substrate. The slot has beveled or 
stepped edges and the insert is dovetailed or stepped to 
complement the slot. A dielectric layer is disposed 
between the substrate and the resistive film. A sealing 
layer is disposed over the resistive film. 
[0008] According to another aspect, the invention is a 
heater including a substrate having a heating zone and 
a resistive layer disposed on at least part of the heating 
zone and divided into segments. An insulating partition 
separates the segments of the resistive layer. A com- 
mon bus bar connects the segments of the resistive 
layer. Supply bus bars are connected to respective seg- 
ments of the resistive layer and connected to respective 
power leads. The segments are semicircular and the 
supply bus bars are disposed circumferentially along 



outer edges of the respective segments. The common 
bus bar is disposed circumferentially along inner edges 
of the respective segments. The partition has three 
parts dividing the resistive layer into three substantially 

5 identical, arcuate segments and the supply bus bars are 
connected to respective leads of a three-phase power 
supply. An annular second resistive layer substantially 
surrounds the first resistive layer. An insulating ring sep- 
arates the first resistive layer from the second resistive 

io layer. Insulating partitions divide the second resistive 
layer into four arcuate segments. A first inner bus bar 
connects two of the segments of the second resistive 
layer and a second inner bus bar connects the other two 
segments of the second resistive layer. A connecting 

is outer bus bar connects two of the segments of the sec- 
ond resistive layer that are not connected together by 
the inner bus bars. Two outer supply bus bars are 
respectively connected to the two segments of the sec- 
ond resistive layer that are not connected together by 

20 the connecting outer bus bar. The outer supply bus bars 
are connected to respective power leads. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

25 

[0009] 

Rg. 1 shows a schematic elevational view of a heat- 
ing element according to the invention; 
30 Fig. 2 shows a top view of a range cook top accord- 
ing to the invention; 

Figs. 3A and 3B show section views of the cook top 
at an edge of a heating zone taken from line 3-3 of 
Fig. 2 according to different aspects of the inven- 

35 tion; 

Fig. 4 shows a schematic diagram of a two-phase 
heater according to one aspect of the invention; 
Fig. 5 shows a schematic diagram of a two-phase 
heater according to another aspect of the invention; 

40 Fig. 6 shows a schematic diagram of a three-phase 
heater according to the invention; and 
Fig. 7 shows a schematic diagram of a dual two- 
phase heater according to the invention. 

45 DESCRIPTION OF THE INVENTION 

[0010] Referring to Rg. 1, a heating apparatus, such 
a range cook top 10, includes a generally horizontal pla- 
nar surface forming a substrate 12. A heating zone is 

so formed on the substrate 1 2 and includes a resistive film 
layer 14 deposited on the substrate. A dielectric layer 
(not shown) can be disposed between the resistive film 
layer 14 and the substrate 12. A sealing layer 18 can be 
disposed over the resistive film 14. Fig. 1 is schematic 

55 and the relative thicknesses of the layers do not repre- 
sent actual thicknesses. 

[001 1 ] The substrate 1 2 is preferably a thermal shock 
resistant, rigid, and planar structure having a low electri- 
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cal conductivity and suitable for supporting objects to be 
heated. Preferably, the substrate 12 is porcelain enam- 
eled (P-E) steel about 2.5mm thick, that is, 2.0mm of 
steel 12a with about 0.25mm of porcelain enamel 12b 
on each side. Other materials having the desired prop- 
erties may also be suitable. For example, LAS glass 
ceramic or Si 3 N 4 ceramic about 4.0mm thick can be 
used in some cases. In a domestic range cook top appli- 
cation, for example, the substrate 12 is supported by a 
frame of the range and forms the base of the cook top. 
[001 2] The resistive film 1 4 is preferably a thin film of 
atmospheric chemical vapor deposition (ACVD) applied 
F-doped or Sb-doped Sn0 2 able to withstand a power 
density of 1.5 to 13 W/cm 2 and a current density 
between 11,000 and 90,000 A/cm 2 . A voltage applied 
across the film causes a current to flow through the film 
thereby heating the film. Preferably, the thin film has. a 
positive temperature coefficient (PTC) to prevent ther- 
mal run away. A PTC film also provides even heating 
because cold spots draw more current and hot spots 
draw less current. Other materials having the desired 
properties may also be suitable. Because its resistance 
varies as a function of temperature, the resistive film 
can also be used as a temperature sensor. Alternatively, 
a separate temperature sensor can be located at the 
heating zone for closed loop temperature control. 
[001 3] One layer of the porcelain enamel 1 2b acts as 
the dielectric layer. When the substrate is glass ceramic, 
the dielectric layer is preferably a sol gel applied 
Si0 2 /AIN or a screen printed and fired glass layer. The 
dielectric layer preferably insulates the substrate from 
currents flowing in the resistive film 1 4 and has a dielec- 
tric constant of about 5 to 8 (at room temperature and 
50-60 Hz). The dielectric constant should be as low and 
as stable as possible over the operating temperature 
range of the heater, which is about 20°C to 500°C. The 
dielectric layer should not substantially limit heat con- 
duction from the resistive film to the substrate. Other 
materials having the desired properties may also be 
suitable. 

[0014] The sealing layer 18 is a heat resistant, rigid 
material having high electrical insulating properties and 
high heat conductivity. Preferably, glass or a sol gel 
applied ceramic, such as Si0 2 /AIN is used. 
[0015] Electrically conductive bus bars 20, such as 
cermet based silver thick f ilm, are disposed on the resis- 
tive film layer 14 and preferably covered by the sealing 
layer 18. The bus bars 20 are connected to a power 
supply for providing a controlled current or voltage to the 
resistive film 14. The bus bar configurations and con- 
nections are discussed below. 

[0016] Referring to Fig. 2, the cook top 10 includes 
several heating zones 22. Each heating zone 22 
includes resistive film disposed on the substrate as dis- 
cussed above. Preferably, the heating zones 22 are cir- 
cular and correspond in size with conventional large and 
small cook top element sizes, for example, about 
235mm and 160mm in diameter. The heating zone 22 is 



separated from the remaining area of the cooh top 10 by 
a circumferential slot 24. The slot 24 thermally insulates 
the cook top 10 from the heating zone 22. The resistive 
film does not extend past the slot. The slot 24 is discon- 

5 tinuous, interrupted by circumf erentialiy spaced tongues 
25. The tongues provide mechanical support for the 
heating zone and can provide a path for running electri- 
cal connections, such as conductive bus bar layers. 
Preferably, the tongues 25 are formed by leaving sub- 

10 strate material when the slot 24 is formed. Thus, the 
tongues have the same thickness as the substrate, but 
do not have porcelain enamel applied thereto expect 
where a path is provided for electrical conductors, 
wherein the enamel provides electrical insulation 

is between the substrate and electrical conductors. One of 
the tongues 25a extends directly across the slot to 
serve as a bridge for simple routing of the bus bars. The 
other tongues 25 follow a serpentine path across the 
slot The serpentine tongues allow for thermal expan- 
se sion of the cook top elements. The width and number of 
tongues are selected to provide support for the physical 
loads placed on the heating zone. For example, four 
evenly spaced tongues 25, three having a width of 
about 4.0 to 4.5mm, an offset of 1 2mm, and thickness of 

25 2.0mm, and the bridge tongue 25a having a width of 
about 20mm for a 2.5mm substrate thickness, are ade- 
quate. Alternatively, the tongues 25 can be separate 
parts, such as insulating fasteners, added to secure the 
heating zone to the cook top. 

30 [001 7] Referring to Figs. 2 and 3A t an insert 26 is pro- 
vided in the slot. Preferably, the insert 26 is made from 
a heat resistant and thermally insulating material, such 
as a molded ceramic or heat resistant plastic. A heat 
resistant sealer 28, such as silicone, seals the slot and 

35 retains the insert 26 in place. The sealer 28 prevents 
passage of liquid through the slot and allows for expan- 
sion and contraction of components. The insert 26 is 
dovetailed and the slot is provided with beveled edges 
27 to support the insert. 

40 [0018] Referring to Figs. 2 and 3B, a different insert 
26a can be provided in the slot 24a. Edges of the sub- 
strate defining the slot 24a are bent to form steps 29 
defined by two right angle bends in each edge. Prefera- 
bly, the steps 29 are formed by stamping when the slot 

45 is formed. The insert 26a has a T-shaped cross-section 
having a stepped bottom complementing the steps of 
the slot. 

[001 9] The insert 26 or 26a has a top surface substan- 
tially coplanar with the top surface of the substrate so 
so that the cook top is smooth. A heat resistant sealant can 
be applied over the entire cook top to provide a uniform 
surface. 

[0020] Preferably, the slot 24 is spaced from the heat- 
ing zone 22 to provide a circumferential ring of substrate 
55 that does not have a resistive heating layer applied ther- 
eon. Alternatively, the slot can be located at the edge of 
heating zone to define the boundary of the heating 
zone. 
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[0021] Different arrangements of the bus bars and 
heating layers are possible, depending on the power 
supply, cost limitations, heating effect desired, and other 
factors. Several examples are described below with ref- 
erence to the figures. 

[0022] Referring to Fig. 4. the bus bars 20 are con- 
nected to respective legs of a two-phase power system 
providing a nominal 240 volts AC. A hot supply bus bar 
20a is disposed along half of the outer edge of the heat- 
ing zone to define a semicircle. The hot supply bus bar 
20a is connected to a hot lead of the power system. A 
return supply bus bar 20b is disposed along the oppo- 
site half of the outer edge to define a complementary 
semicircle. The return supply bus bar 20b is connected 
to a return lead of the power system. A common bus bar 
20c is provided at the center of the heating zone. The 
bus bars 20 preferably have a radial dimension between 
3.0 and 7.0mm. The resistive film 14 fills the space 
between the bus bars 20a, 20b around the outer edge 
and the common bus bar 20c. Preferably, the resistance 
of the resistive film varies along a radial path, for exam- 
ple in rings or as a circular spectrum. In one preferred 
arrangement, the resistive film is applied as an outer 
ring 14a and an inner ring 14b. The outer ring 14a has a 
radial dimension of about 27.8mm and a thickness pro- 
viding a sheet resistivity of 100Q/square. The inner ring 
has a radial dimension of about 17.2mm and a thick- 
ness providing a sheet resistivity of 40Q/square. An 
insulating partition 30 of dielectric material separates 
the hot bus bar 20a from the return bus bar 20b and 
divides the resistive film 14 into two crescents. An insu- 
lating disk 31 is provided at the center. This arrange- 
ment provides about 1200W at 240 VAC. Preferably the 
bus bars 20 connected to the power source extend 
away from the heating zone to provide connection termi- 
nals 32. The terminals are connected to the leads from 
the power source. The terminals are spaced about 30 to 
300mm from the heating zone to reduce the effects of 
heat on the connections. For example, the bus bars are 
run along one of the tongues (25a, Fig.2) supporting the 
heating zone so that the terminals are located on a 
cooler part or edge of the cook top. 
[0023] Referring to Fig. 5, the arrangement of Fig. 4 
can be provided with an additional ring of resistive film 
having different sheet resistivities. For example, a first 
outer ring 14c has a radial dimension of about 27.8mm 
and a sheet resistivity of about 1 10n/square. A second 
outer ring 14d has a radial dimension of about 9.6mm 
and a sheet resistivity of about 500/square. An inner 
ring 14e has a radial dimension of 7.5mm and a sheet 
resistivity of about 300/square. 

[0024] Rg. 6 shows an arrangement suitable for a 
three-phase power supply. The heating zone is divided 
into three substantially identical segments by insulating 
partitions 30. Respective supply bus bars 20 are 
arranged along the outer edge of each third and con- 
nected to respective phases of the power source. The 
resistance of the resistive film varies along a radial path. 



For example,, an outer ring 14f in each segment has a 
radial dimension of 27.8mm and a sheet resistivity of 
380ft/square. An inner ring 14g in each segment has a 
radial dimension of 17.2mm and a sheet resistivity of 
5 170£Vsquare. A common bus bar 20c electrically con- 
nects the films of the three segments. This arrangement 
provides about 1200W at 400V, 3-phase. 
[0025] Referring to Fig. 7, a dual heating zone has an 
inner heating area surrounded by an outer heating area. 
10 The inner heating area is substantially identical to the 
heating zone configuration shown in Fig. 4. That is. a 
hot supply bus bar 20a is disposed along half of the 
outer edge of the heating zone to define a semicircle. 
The hot bus bar 20a is connected to a hot lead of the 
is power system. A return supply bus bar 20b is disposed 
along the opposite half of the outer edge to define a 
complementary semicircle. The return bus bar 20b is 
connected to a return lead of the power system. A circu- 
lar common bus bar 20c is provided at the center of the 
20 heating zone. The bus bars 20 preferably have a radial 
dimension between 6.0 and 7.0mm. The resistive film 
14a, 14b fills the space between the bus bars 20a, 20b 
around the outer edge and the common bus bar 20c. 
Preferably, the resistance of the resistive film varies 
25 along a radial path, for example in rings or as a circular 
spectrum. In one preferred arrangement, the resistive 
film is applied in as an outer ring 14a and an inner ring 
14b. The outer ring 14a has a radial dimension of about 
27.8mm and a thickness providing a sheet resistivity of 
30 100Q/square. The inner ring has a radial dimension of 
about 1 7.2mm and a thickness providing a sheet resis- 
tivity of 40Q/square. An insulating partition 30 of dielec- 
tric material separates the hot bus bar 20a from the 
return bus bar 20b and divides the resistive film 14 into 
35 two crescents. An insulating disk 31 is provided at the 
center. 

[0026] The outer area is spaced from the inner area 
by an insulating ring 34 divided into two semi-circular 
parts. The ring 34 has a radial dimension of about 
40 6.35mm. The resistive film 14 in the outer area is 
divided into four segments each having a radial dimen- 
sion of about 24.28mm and a resistivity of about 
1000/square. The segments are separated by respec- 
tive insulating partitions 30 about 9.5mm wide. A hot 
45 outer supply bus bar 20d connected to a hot lead is dis- 
posed along one quarter of the outer edge of the outer 
area. A connecting outer bus bar 20e is disposed along 
half of the outer edge and interconnects two segments 
of the resistive film. A return outer supply bus bar 20f 
so connected to a return lead is disposed along a remain- 
ing quarter of the outer edge. The outer bus bars have 
radial dimensions of about 6.35mm. Inner bus bars 20g 
of the outer area extend along respective halves of the 
inner edge of the outer area and interconnect two 
55 respective segments of the resistive film 14. The inner 
bus bars have radial dimensions of about 3.175mm. 
The film and bus bars are disposed to create a continu- 
ous path from the hot lead to the return lead through 
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each bus bar and film segment in series. Ends 34a of 
. the insulating ring 34 extend radially to separate the bus 
bars 20a, 20b of the inner area from the bus bars 20d, 
20f of the outer area. The respective hot leads of the 
. inner and outer heating zones are connected and con- 5 
trolled separately so that the temperature of the inner 
zone can be controlled separately from the outer zone. 
For example, the dual heating zone can be used for 
small pots by activating only the inner zone and for large 
pots by activating both the inner and outer zones. Alter- 10 
natively, the hot bus bars 20a, 20d of the inner and outer 
areas can be connected together and the return bus 
bars 20b, 20f of the inner aid outer areas can be con- 
nected together so that the inner and outer areas are 
controlled together. 15 
[0027] The present disclosure describes several 
embodiments of the invention, however, .the invention 'is 
not limited to these embodiments. Other variations are 
contemplated to be within the spirit and scope of the 
invention and appended claims. 20 

Claims 

1 . A heater comprising: 

25 

a substrate: 

a slot in the substrate to define a heating zone; 
a resistive layer applied to the substrate over at 
least part of the heating zone; and 
bus bars connected to provide a voltage across 30 
the resistive layer. 

2. A heater according to claim 1 , wherein the slot is 
through the substrate. 

35 

3. A heater according to claim 2, further comprising 
tongues interrupting the slot and supporting the 
heating zone. 

4. A heater according to claim 3, wherein the tongues 40 
are formed by substrate material remaining when 
the slot is formed. 

5. A heater according to claim 3, wherein the tongues 
are serpentine. 45 

6- A heater according to claim 1 , further comprising a 
thermally insulating insert disposed in the slot. 

7. A heater according to claim 6, wherein top surface so 
of the insert is substantially coplanar with a top sur- 
face of the substrate to form a smooth cook top. 

8. A heater according to claim 6. further comprising a 
sealant between the insert and the substrate. 55 

9. A heater according to claim 6, wherein edges of the 
slot support the insert. 



10. A heater according to claim 6, wherein the slot is 
beveled. 

1 1 . A heater according to claim 10, wherein the insert is 
dovetailed to complement the slot. 

12. A heater according to claim 6, wherein edges of the 
slot are stepped. 

13. A heater according to claim 12, wherein the insert is 
stepped to complement the slot. 

14. A heater according to claim 1, further comprising a 
sealing layer disposed over the resistive film. 

15. A heater according to claim 1, wherein the slot is 
through the substrate and has beveled edges, 
tongues formed by substrate material remaining 
when the slot is formed interrupt the slot and sup- 
port the heating zone; and further comprising a 
thermally insulating insert dovetailed to comple- 
ment the slot and disposed in the slot; and a sealant 
between the insert and the substrate. 

16. A heater comprising: 

a substrate having a heating zone; 

a resistive layer disposed on at least part of the 

heating zone and divided into segments; 

an insulating partition separating the segments 

of the resistive layer; 

a common bus bar connecting the segments of 
the resistive layer; and 

supply bus bars connected to respective seg- 
ments of the resistive layer and connected to 
respective power leads. 

17. A heater according to claim 16, wherein the seg- 
ments are semicircular and the supply bus bars are 
disposed circumferentiaily along outer edges of the 
respective segments. 

18. A heater according to claim 16, wherein the seg- 
ments are semicircular and the common bus bar is 
disposed circumferentiaily along inner edges of the 
respective segments. 

19. A heater according to claim 16, wherein the parti- 
tion has three parts dividing the resistive layer into 
three substantially identical, arcuate segments and 
the supply bus bars are connected to respective 
leads of a three-phase power supply. 

20. A heater according to claim 19. wherein the supply 
bus bars are disposed circumferentiaily along outer 
edges of the respective segments. 

21. A heater according to claim 19, wherein the com- 
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mon bus bar is disposed circumferentially along 
inner edges of the respective segments. 

22. A heater according to claim 16, wherein the seg- 
ments are semicircular, the supply bus bars are dis- s 
posed circumferentially along outer edges of the 
respective segments, the common bus bar is dis- 
posed circumferentially along inner edges of the 
respective segments, and further comprising an 
annular second resistive layer substantially sur- to 
rounding the first resistive layer; an insulating ring 
separating the first resistive layer from the second 
resistive layer; insulating partitions dividing the sec- 
ond resistive layer into four arcuate segments; a 
first inner bus bar connecting two of the segments is 
of the second resistive layer;, a second inner bus 
bar connecting the other two segments of the sec- 
ond resistive layer; a connecting outer bus bar con- 
necting two of the segments of the second resistive 
layer that are not connected together by the inner 20 
bus bars; and two outer supply bus bars respec- 
tively connected to the two segments of the second 
resistive layer that are not connected together by 
the connecting outer bus bar, wherein the outer 
supply bus bars are connected to respective power 25 
leads. 
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(54) Circular film heater and porcelain enamel cooktop 



(57) A range cook top is provided with circular heat- 
ing zones having a layer of resistive thin film thereon. 
Slots in the cook top separate the heating zones from 
the surrounding areas of the cook top. Tongues of cook 
top material interrupt the slots and support the heating 
zones. The slots have beveled or stepped edges and 
beveled or stepped plastic inserts fill the slots to provide 
a smooth cook top. Sealer also fills the slots. The resis- 



tive layer in the heating zone is divided into arcuate seg- 
ments by insulating partitions. Power supply bus bars 
are disposed around the outside edge of the resistive 
layer. A common bus bar interconnects the segments at 
the inner edges. A dual heater has separately controlled 
inner and outer resistive layers. 
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